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36a Sunday, February 3, 2013Conformational transitions in biomolecules, especially proteins, play an impor-
tant role in signaling and regulation of various biological processes. Here we
propose a fast and simple method for constructing a transition pathway be-
tween two stable conformations of a protein. The protein is represented as
a simplified coarse-grained (CG) model with a single site located at the C-al-
pha atom of each residue. The energy function of the two-state CG model is
approximated by the anisotropic network model (ANM) harmonic energy sur-
faces of the end-states. The simple two-state energy surface comprises two lo-
cal minima centered on the positions of the stable states and the system resides
in one of these minima. There is a cusp with discontinuous first derivative in
the multi-dimensional configuration space of the system, which acts as the
transition state surface for the two-state potential. Given this simple prescrip-
tion, two structures constrained to remain similar to one another but each re-
siding on the opposite sides of the cusp, are optimized using energy
minimization. This virtual ‘‘dumbbell’’ of two structures is then used as a crude
approximation to the transition state. The pathway in the multi-dimensional
space is constructed by letting these two structures slide down on their
ANM surface using steepest descent energy minimization until the stable
end-points are reached. This simple two-state ANM model was applied to ex-
plore the multi-dimensional and collective character of the conformational
transition pathways in several systems of biological significance, including ad-
enylate kinase, leucine transporter, sarcoplasmic reticulum Ca-ATPase and the
glutamate transporter.
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More than 40 human pathologies, including Alzheimer disease, are associated
with protein aggregates (both amyloid oligomers and fibers). Structure-based
approaches were applied for seeking amyloid inhibitors in two scenarios.
First, non-natural peptides were designed to block the fibrillation of an amyloid
fiber formed by PAP248-286 (a proteolytic fragment of the protein prostate
acid phosphatase), whose fiber forms enhance sexual transmission of HIV.
We identified the fibril-forming segments of the PAP248-286 fiber and then de-
termined their atomic structures. Using the structure of segments of the amyloid
fiber as template, we have designed L-amino acid and non-natural L-amino acid
inhibitors to binds to the end of the fibril-forming segment, blocking the addi-
tion of other segments. The 5 designed peptides and 3 non-natural peptides in-
hibit the PAP248-286 fibrillation and greatly inhibit the infectivity of HIV for
human cells in culture.
Increasing evidence indicates soluble Ab oligomers are the toxic species. We
searched inhibitor of amyloid toxicity by characterizing binders of amyloid fi-
ber (BAF), which stabilize amyloid fiber to reduce the toxic oligmers. The
atomic structure of an amyloidogenic segment KLVFFA(Ab16-21) binding
with a BAF has been determined. Applying new modified RosettaLigand
method for high-throughput docking, we identified candidate molecules from
a vast space compound (~18 thousand) that interact favorably with the fiber
structures. These BAF compounds bind to fibers and greatly inhibit amyloid
toxicity. The derivatives of active BAF compounds were then included to ex-
pand the set. Out of 35 compounds and 24 compound derivatives tested, eight
(8) unique compounds and 4 compound derivatives showed the reduction of Ab
toxicity to mammalian cells in MTT cell assays.
The success of our inhibitors demonstrated our powerful approach for
structure-based inhibitor discovery, offering a new potential treatment for am-
yloid therapeutics.
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In the absence of the myriad influences that exist in a cell nucleus, the position-
ing and stability of nucleosomes on a short segment of DNA are governed by
the material properties of the DNA. In the simplest view sequences of DNA that
are intrinsically flexible or that are intrinsically curved lead to nucleosome
positioning. Nucleosome positioning is thus an intra-nucleosome based effect.
In vivo or for sequences of DNA that support multiple nucleosomes,
nucleosome-nucleosome interactions and extra-nucleosomal (e.g. chromatin
remodeling factors) interactions must also be considered.
In case of intra-nucleosomal based positioning, DNA material defects (defined
as variations in flexibility or conformation) are hidden because the histones
force the DNA to assume a well defined super helical fold. Except for specif-ically constructed sequences of DNA, chromatin structures determined by
intra-nucleosome interactions are irregular because the nucleosome positions
will be irregular.
In case inter- or extra- nucleosomal interactions determine the nucleosome po-
sitions some DNA defects will be exposed in linker DNA regions. Exposure of
the defects impacts the global structure of chromatin, e.g. a bent linker yields
bent chromatin.
We propose that chromatin structure is biased toward one method of position-
ing or the other depending on environmental conditions. Thus for a given se-
quence of DNA both irregular and regular structures can be obtained. Our
Interactive Chromatin Modeling Web Server http://www.latech.edu/~bishop
captures these ideas. Here we present a case study of how ICM Web can be
used to study the folding of the mouse mammary tumor virus promoter com-
plex(MMTV). ICM properly predicts the locations of six positioned nucleo-
somes in the MMTV and shows how mispositioning reveals sequence
specific material defects that bend chromatin.
Platform: Muscle: Fiber and Molecular
Mechanics & Structure
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The titin springs of muscle sarcomeres largely determine tensile muscle stress.
However, titin is incorporated into sarcomeric I-bands not strictly in parallel
with the sarcomere axis, being anchored to actin at Z-disks and myosin at
A-bands. On tensile sarcomere strain, which stretches the titin springs, a force
component arises longitudinally, but somewhat also laterally. The latter com-
ponent may contribute to increased sarcomeric transversal stiffness, decreased
lateral myofilament spacing, and length-dependent activation of stretched mus-
cle. We aimed to directly test by atomic force microscopy (AFM) force map-
ping whether the titin springs contribute to sarcomeric transversal stiffness
and how a titin-based lateral force component would compare with other pos-
sible sources of lateral stiffness, such as osmotic forces. Single myofibrils were
isolated from rabbit psoas (stiff titin-isoform) or diaphragm (compliant titin-
isoform) muscles and placed in physiological buffer under the MFP-3D-BIO
AFM (Asylum Research). Force curves (50x50) were performed over a re-
gion-of-interest encompassing a whole sarcomere. Force mapping revealed dis-
tinct transversal stiffness patterns along psoas and diaphragm sarcomeres,
reflecting different Z-disk, I-, A-, and M-band stiffness. A-band transversal
stiffness at 25nm indentation was higher in rigor (4.2pN/nm) than in relaxed
sarcomeres (0.4pN/nm). Titin digestion by low-dose trypsin decreased rigor
but not relaxed stiffness. A-band lateral stiffness did not differ between relaxed
psoas and diaphragm sarcomeres at slack length (~2.2mm) but increased signif-
icantly after stretch to ~3.2mm, albeit more highly in psoas than in diaphragm.
Following osmotic compression by 5% dextran, A-band lateral stiffness rose 5-
fold, similarly in psoas and diaphragm. We conclude that stiff titin contributes
more to transversal stiffness than compliant titin, confirming a role for titin in
lateral force generation. However, osmotic forces alike those present in-vivo
may laterally compress the sarcomeric lattice to a degree that the titin contribu-
tion becomes negligible.
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The goal of this study was to develop a system to experiment with half-
sarcomeres mechanically isolated from skeletal muscle. Single myofibrils
from rabbit psoas were transferred into a temperature-controlled (10C) bath.
Half-sarcomeres were isolated using two pre-calibrated glass microneedles;
the first pierced externally adjacent to the Z-line, and the second internally, ad-
jacent to the M-line. The force produced during activation of the half-
sarcomere was measured by tracking the displacement of the microneedles.
The half-sarcomere length (HSL) was obtained by interpolating the displace-
ment of the needles from the initial to the final distances measured from the
Z-line to the center of the sarcomere. Half-sarcomeres (n=12) produced a stress
of 24.0 53.7 nN/um2 at HSL between 1.0 and 1.4mm. The result was com-
parable to that observed in isolated sarcomeres (25.5 53.1 nN/um2, at
SL between 1.8 and 3.0mm). Preliminary trials in which we imposed
stretches (ranging from 12 to 33% of the initial HSL/SL, at a speeds of
Sunday, February 3, 2013 37a1.35-3.15 mm$s1$HSL1) (n = 6 half-sarcomeres; n = 13 single sarcomeres)
during activation show an increase in force during and after stretch, which was
long lasting (i.e. residual force enhancement). Despite a high variability, half-
sarcomeres showed a tendency to produce a smaller level of residual force en-
hancement when compared to single sarcomeres. Our results show that half-
sarcomeres generate levels of isometric force that are similar to those observed
in sarcomeres and myofibrils. However, half-sarcomeres produced a lower
level of stretch-induced force enhancement when compared to sarcomeres.
188-Plat
N-Terminal Truncation of Flightin Reduces Oscillatory Power Output
without Affecting Cross-Bridge Kinetics in Drosophila Indirect Flight
Muscles
Samya Chakravorty, Bertrand C.W. Tanner, Teresa Ruiz, Jim O. Vigoreaux.
The University of Vermont, Burlington, VT, USA.
The asynchronous, indirect flight muscles (IFM) of Drosophila are character-
ized by a high passive stiffness and exceptionally fast myosin kinetics, two at-
tributes that enhance power output to sustain flight. Flightin is an IFM-specific,
20kDa myosin rod-binding protein required for normal thick filament stiffness,
sarcomere integrity, and flight. Previously, we showed that a COOH-terminal
truncation of flightin (flnDeltaC44) decreased myofilament lattice order and my-
osin kinetics, resulting in lower oscillatory power output and flightlessness.
Here, we investigate the function of the flightin N-terminal 62 amino acids
by creating transgenic Drosophila (flnDeltaN62) expressing a truncated flightin.
flnDeltaN62 flies were flight impaired (flight index: 2.850.1 vs. 4.250.4 for
flnDeltaN62 vs. flnþ rescued null control) despite having a normal wing-beat fre-
quency (19554 vs. 19852 Hz for flnþ). Mechanical analysis of skinned IFM
fibers showed that the flightin N-terminal truncation reduced passive, active,
and rigor stiffness without affecting cross-bridge kinetics (frequency of
maximum power: 20557 vs. 21757 Hz for flnþ). flnDeltaN62 fibers produced
approximately half the isometric tension (passive: 0.950.1 vs. 1.750.3
kN/m2, active: 0.850.1 vs. 1.550.2 kN/m2, rigor: 1.150.2 vs.
3.150.4 kN/m2) and maximum oscillatory power output (38.054.6 vs.
89.559.6 W/m3) as flnþ fibers. Moreover, about 60% of the flnDeltaN62 fibers
tore in rigor, demonstrating mechanical failure near isometric tension values
that were sustained by flnþ fibers. Fourier transform analysis of cross-
sectional electron micrographs revealed that the flightin N-terminal truncation
compromised myofilament lattice crystallinity and reduced inter-thick filament
spacing by 10% (44.151.3 vs. 49.750.4 nm). These results indicate that the
flightin N-terminal region enhances myofilament lattice order and mechanical
integrity, which in turn is required for effective force transmission, normal
oscillatory power output, and flight.
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Hypertrophic and familial dilated cardiomyopathies are arguably the most com-
mon forms of inherited myocardial dysfunction. Both disease states result in
deterioration of cardiac function and quality of life as a consequence of exten-
sive remodelling of the chamber walls.
Here we use a novel technique SPontaneous Oscillatory Contractions - or
SPOCs to assess changes in contraction and relaxation phases using a range
of explanted human heart samples. We examine left ventricle (LV) samples
from: (1) patients with hypertrophic cardiomyopathy (HCM); (2) patients
with familial dilated cardiomyopathy (FDCM); and (3) and aged-matched
non-failing donors. The SPOC parameters of interest are: (i) SPOC amplitudes;
(ii) the rates of lengthening (relaxation); (iii) the rates of shortening (contrac-
tion); and (iv) their respective SPOC periods.
On average, samples from HCM patients exhibited significantly slower rates of
lengthening and shorter SPOC periods, while FDCM patients displayed signif-
icantly longer lengthening and shortening SPOC periods, compared to donors.
Impaired shortening is indicative of diastolic dysfunction while impaired short-
ening indicates a systolic dysfunction. We observed extensive changes in
SPOC parameters that were mutation-specific. The MYBPC3 mutation ex-
hibited shorter SPOC period and faster shortening rates while the sampleswith the TNNI3 mutation had a higher amplitude and slower shortening rates.
Their SPOC data are consistent with the relatively mild phenotype associated
with their respective mutations. Furthermore, SPOC is also sensitive to the pro-
gressive deterioration in LV ejection fraction.
SPOC analysis is a promising tool that provides a quantitative insights into car-
diac contractility. It may allow us to unravel other significant differences be-
tween familial cardiomyopathies and donor hearts. The SPOC data agree
well with patient clinical phenotypes.
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Using real-time X-ray diffraction movies of cyclically stretch-activated IFM,
we previously established that stretch activation (SA) is controlled by tropomy-
osin (TM), similar to the well-known calcium-activated steric blocking mech-
anism, but mechanically triggered by myosin-troponin connections. Here, we
probed whether TM controls SA via the same three-state mechanism that is
the standard model for calcium-activation, in which TM adopts three positions,
called Blocked (pCa ~9), Closed (pCa ~4.5), and Open (with strong myosin
binding). The key feature of the three-state mechanism is that calcium binding
to troponin only moves TM to the Closed position, which partially reveals
actin’s myosin-binding sites and allows weak actin-myosin contact; strong-
binding myosin heads are required to nudge TM aside to the fully Open posi-
tion. We used vanadate to block strong binding by myosin during X-ray diffrac-
tion movies of fibers length-cycled in the presence of vanadate and Ca2þ. The
reflection that reports TM movement (outer part of the 19.3-nm layer line) in-
dicates a partial TM movement, as compared to un-inhibited fibers that are ac-
tively contracting. Thus SA appears to be a variation of the three-state
mechanism seen during calcium-activation, except that the sub-saturating
[Ca2þ] typical of SA (pCa ~6) leaves TM in the Blocked position until sarco-
mere stretch moves TM to the Closed position. Regardless of whether the fiber
is stretch-activated at pCa 6, or isometrically Ca2þ-activated at pCa 4.5, it still
requires strong-binding myosin heads to nudge TM to the fully Open position.
Other changes seen in the X-ray movies of vanadate-inhibited fibers are consis-
tent with our previous interpretation that myosin-troponin bridges mediate TM
movement during sarcomere stretch, and indicate that myosin-troponin bridges
are not affected by vanadate.
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Recent studies demonstrate the influence of actin-myosin attachment kinetics
on in vitro actin filament sliding velocities (V), but it is unclear what factors de-
termine whether velocities are detachment (d/ton) or attachment limited (Yengo
et al. 2012. J Muscle Res Cell Motil.). We have developed a muscle model with
molecular detail that suggests three key mechanisms by which attachment
kinetics can influence unloaded shortening velocities. First, the saturation of
myosin binding sites on actin by weakly bound myosin heads can result in
attachment limited velocities that are slower than the detachment limit. Essen-
tially, at high myosin densities the actin-activated ATPase activity (attachment
limited) in the motility assay saturates before mechanical saturation (detach-
ment limited). Second if actin-bound myosin heads that resist actin movement
have a relatively low stiffness, unloaded shortening velocities can exceed the
detachment limit. The non-linear compliance of positively and negatively
strained myosin heads was demonstrated experimentally (Kaya and Higuchi.
2010. Science. 329: 686-9). Finally, our model shows that mechanically accel-
erated ADP release kinetics can result in velocities that exceed the detachment
limit. These simulations accurately describe the observation of hypermotile
velocities (Hooft et al. 2007. Biochemistry. 46:3513-20., Jackson and Baker.
2009. PCCP. 11:4808-14.). In summary, unloaded shortening velocities can
be influenced by many factors other than detachment kinetics. Thus a mutation
or perturbation that results in a change in V need not result from a change in
only d or ton.
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